Variations in the metabolic clearance rate and the production rate of testosterone during puberty in the male guinea-pig were established by single injection and constant infusion methods. Similar results were obtained; MCR (1/24 h) increases from Day 20 to Day 70 and then stabilizes between Days 70 and 90 to levels comparable to those of a 6-month-old adult. MCR as 1/24 h/100 g decreases steadily between Days 20 and 60. The evolution of the testosterone production rate (PR: ng/24 h) is characterized by a marked rise between Days 20 and 70, and then a decrease up to Day 90, continuing until 6 months. PR as ng/24 h/100 g increases between Days 20 and 40, remains stable until Day 70, then decreases. Testosterone half-life is stable throughout the pubertal period. The rate of conversion of testosterone to androstenedione remains stable except for a rise between Days 50 and 60. We conclude that the increase in testosterone concentrations during puberty is due to a rise in the production rate and not to a decrease of clearance rate.
Introduction
In the guinea-pig (Robert & Delost, 1975 ; Rigaudière, Pelardy, Robert & Delost, 1976) , plasma and testicular androgens rise significantly between Day 16 and Days 50-60, when puberty occurs. During this time, a linear increase occurs in plasma and testicular concentrations of testosterone as well as in body, testis and seminal vesicle weight. Between Days 50-60 and 90, the hormone levels remain stable but the reproductive organs continue to gain weight.
We have now studied the peripheral metabolism of testosterone during the prepubertal and pubertal periods in the guinea-pig by using the single injection or constant infusion of isotopes as described by Tait (1963) , Tait & Burstein (1964) and Gurpide (1972) for man. These authors devised mathematical models to examine the results and calculated the metabolic clearance rate (MCR), the production rate (PR), the conversion rate (CR), and the half-life (t^) of the testosterone. All these values were calculated for the guinea-pig.
Materials and Methods

Animals
The study was carried out on male guinea-pigs of the Dunkin-Hartley strain. Groups of 12-20 animals of similar weight were constituted on Days 16, 20, 30, 40, 50, 60, 70 and 90 of age. Anaesthesia, induced by 2% chloral (2 ml/100 g body weight) and atropine (0-25 ng/100 g), was used only for catheterization by the method of Waeldele & Stoclet (1973) . The first catheter was introduced into the right jugular vein for injections or infusions and a second was implanted into the left carotid artery and used for blood sampling. The animals were placed in transparent plastic cages without lids for the administration of the labelled hormones between 09:00 andl 1:00 h on the 3rd day after catheterization (see Farris, Hurley, Hane & Forsham, 1969) . These methods avoided, as far as possible, any circadian rhythm in the secretion of testosterone and stress due to restraint, such as that used by Free & Tillson (1973) .
Assays
Constant infusion. The hormone for infusion (4-6 µ€ [1,2,6,7(n)-3H]testosterone (sp. act. 40-60 Ci/ mmol: Radiochemical Centre, Amersham, U.K.)) was prepared in 0-9% (w/v) NaCI solution by adding 0-5% (v/v) ethanol. The degree of purity of the hormone was 98% and the degenerative index was <1 %. The solution of testosterone was introduced into the blood at a constant rate of 0-62 ml/h. Each guinea-pig received 0-5 µ /1 /100 g and the radioactivity values were constant within 50 min after the beginning of the infusion. To check whether equilibrium had been reached, 4 samples of 250 µ were withdrawn every 10 min after the 50th minute. The coefficient of variation for these values did not exceed 20% during equilibrium.
Single injection. About 1 µ tritiated testosterone/100 g body weight was injected into the jugular vein. To determine the disappearance curve of the concentration of radioactivity as a function of time, 250 µ plasma samples were withdrawn at 30 sec and 1, lJl·, 2, 4, 6 and 8 min after injection. The integration equation of the curve corresponding to a two-compartmental model was calculated on a Hewlett-Packard computer.
Hormone measurements
Testosterone concentrations for production rate calculations were assayed by gas-liquid chrom¬ atography with electron capture detection (tritiated source) on intact animals (Robert & Delost, 1975) . Plasma was extracted with ether (2x3 ml) and the organic phase was decanted and evaporated. Testosterone was separated from androstenedione by silica gel thin-layer chromatography (GH 254) in a solvent system of benzene :methanol (96:4 v/v). Testosterone was eluted by means of methanolbenzene and androstenedione by methanol. The radioactivity was measured in a Tricarb scintillation counter (Packard). Losses were calculated by adding an internal standard of [4-14C]testosterone. The response was linear for 50 to 200 µ plasma. For each quantity, the repeatability was situated between 2 and 3 %.
Means and standard error (s.e.m.) were calculated and the significance of the differences was determined by Student's / test.
Results
Clearance rate of testosterone
No statistically significant differences were observed between the methods, i.e. constant infusion and injection, and the means were therefore derived from both sets of results to give the curve of MCR evolution during puberty (Table 1) .
The MCR (1/24 h) had increased by 75% (P<0001) from Day 20 to the maximum on Day 70, which was similar to the values in adult guinea-pigs. When MCR was expressed as 1/24 h/100 g it decreased regularly by 43% between Days 20 and 60 (P< 0-001), and then fell further to reach adult values. 49-3 ±3-0 5-3 ±0-3 176-6 ±9-0 18-6 + 0-9 14-0+1-9
Production rate of testosterone The concentrations of testosterone (ng/10 ml) used to calculate the rate of production of testo¬ sterone were assessed previously on untested groups of animals (15/group): the values were 10-1 ± 3-3 at 20 days, 18-0 ± 3-5 at 30 days, 40-5 ± 3-0 at 40 days, 49-1 ± 8-2 at 50 days, 61-0 ± 8-0 at 60 days, 57-0 ± 8-0 at 70 days, 48-7 ± 50 at 90 days and 350 ± 4-9 at 180 days. The PR of testosterone in ng/24 h increased by 418% ( <0·001) between Days 20 and 70 and then decreased by 27% (P< 0001) between Days 70 and 90 and by Day 180 (Table 1) . WhenPR was estimated in ng/24h/100g, there was a rise of 103 % (P< 0001) between Days 30 and 40 ; the PR then remained stable until Day 70 before decreasing.
Conversion rate of testosterone to androstenedione The / 100 ratio changed in the course of puberty (Table 1) : the values were relatively stable between Days 20 and 50, then there was an increase of 88 % (001 < < 0-001 ) by Day 60, followed by a 40 % decrease (002 < < 005) between Days 60 and 70. The adult values at 90 and 180 days of age were similar to those at 70 days.
Half-life (r-J-) of testosterone
Half-life, estimated in minutes, underwent only slight changes between Days 20 and 90: it was 6-9 ± 0-9 at 20 days, 7-7 ± 0-6 at 30 days, 7-4 ± 0-7 at 50 days, 61 ± 1-5 at 60 days and 8-3 ± 0-7 at 90 days.
Discussion
The pubertal period in the guinea-pig can be divided into two parts Rigaudière et al., 1976 ): a prepubertal period, from Days 16 to 60 during which a linear increase in plasma testosterone concentration occurs according to the regression equation y = 1-08* + 4-7 (r = 0-96; = 60), and a postpubertal period from Days 60 to 90 when the levels of testosterone remain stable. The present results show that the evolution of MCR (1/24 h) and testosterone production rate during puberty also take place in two stages. The linear change in testosterone MCR (1/24 h) between Days 20 and 70 is represented by the regression y = 2-41 + 4-91 (r = 0-96 ; = 50). The evolution of the MCR according to body weight is also linear; e.g. between 150 and 700 g body weight, the MCR change (1/24 h) follows the regression y = 0 6 + 11 07 (r = 0-74 ; = 50). The MCR is stable between Day 70 and Month 6, and seems to remain at this level to the end of life (Jarrige, Lac, Robert & Rigaudière, 1975) . The PR also varies in two stages as puberty occurs ; the first is a prepubertal period marked by a linear increase between Days 20 and 70and the regression equation is.y = 0-18x+l 3-32 (r = 0-96; « = 50). The second stage is the postpubertal period and is characterized by a decrease of PR between Days 70 and 90, which continues to the age of 6 months. The rise in the production rate of testosterone during the prepubertal period is concomitant with those occurring in plasma and testicular concen¬ trations of testosterone. The rise in the production rate of testosterone during puberty may be regarded as the evidence of a revival of activity on the part of the Leydig cells, but this has not been studied in the pubertal guinea-pig. A rise in LH has not been observed in the plasma of guinea-pigs at puberty (Donovan et al., 1975) .
The increase in concentration of plasma testosterone during puberty is correlated with a rise in the rate of production of testosterone and not with a decrease in the MCR and it is therefore necessary to examine the various factors that may exert an influence upon the MCR. Among these are the ratio of free testosterone:total testosterone. The lack of steroid-binding protein (SBP) in the guinea-pig (Corvol & Bardin, 1973) implies that this ratio is constant and might also account for the high MCR of testosterone because species which are known to have SBP also have a low testosterone MCR, e.g. rabbit (Mahoudeau, Corvol & Bricaire, 1973) and man (Corvol & Bardin, 1973) . Conversely in species not having such specific proteins, MCR is higher, e.g. dog (Chapdelaine, 1969; Tremblay, Kowarski, Park & Migeon, 1972) and rat (Lee, Bird & Clark, 1975) . It is to these species that the guinea-pig seems to be allied because it seems impossible to ascribe variations in MCR and PR at puberty to changes in SBP values.
A gradual adaptation of hepatic tissues to hormonal catabolism might be considered to influence MCR, as it does in the rat (Scott & Taurig, 1973) . These workers suggested that this phenomenon would develop as the volume of hormone distribution increases but half-life remains stable. This is indeed what seems to be indicated by the evolution of tj-in the guinea-pig, which does not change throughout puberty.
The rise in plasma concentration and production rate of testosterone might be linked with a change in enzyme activity, particularly in the 17ß-hydroxysteroid dehydrogenase activity in the testis (Kaguera & Toki, 1971) . During the prepubertal period in the guinea-pig, an inversion of the androstenedione testosterone ratio in the plasma has been reported, and this can be interpreted as an active conversion of androstenedione into testosterone (Robert & Delost, 1975) . The fact that the evolution of the rate of conversion of testosterone into androstenedione reaches maximal values at Day 60 seems to confirm the fact that this enzymic equipment undergoes significant changes in the course of sexual maturation.
Thus, in guinea-pig, it may be concluded that the increase in plasma concentration of testosterone during puberty between Days 20 and 70 of life results from a rise in the rate of production and not from a decrease in MCR, which also rises in the same time. MCR evolution seems to indicate that the variations are due to some modifications of enzyme actions and not to those occurring at the level of testosterone protein binding. These various observations lead us to conclude that, in the guinea-pig, hormonal puberty occurs at about Day 70 of postnatal life.
